Benatti MN 2013 -A review of the genus Bulbothrix Hale: the isidiate, sorediate, and pustulate species with medullary salazinic acid. Mycosphere 4(1), 1-30, Doi 10.5943 /mycosphere/4/1/1 This study is a taxonomic review of ten Bulbothrix (Parmeliaceae, Lichenized Fungi) species containing salazinic acid in the medulla that reproduce by vegetative propagation or form pustules that erode into coarse granules. The current species delimitations are confirmed. New characteristics are detailed, some synonyms are rejected, others confirmed, and range extensions are added.
Introduction
Bulbothrix Hale was proposed for a group of species previously called Parmelia Series Bicornutae (Lynge) Hale & Kurokawa (Hale 1974) , characterized by small, laciniate and usually adnate thalli, simple to branched bulbate marginal cilia, cortical atranorin, simple to branched rhizinae, smooth to coronate apothecia, hyaline unicellular ellipsoid to bicornute ascospores 5.0−21.0 × 4.0−12.0 µm, and bacilliform to bifusiform conidia 5.0−10.0 × 0.5−1.0 µm (Hale 1976 , Elix 1993a ). Crespo et al. (2010) presented a revised generic concept of Parmelioid lichens based on molecular, morphological and chemical evidence and included other diagnostic features such as a pored epicortex, lack of cortical pseudocyphellae, and presence of isolichenan in the cell walls. Bulbothrix is currently nested in the Parmelina clade and some species are grouped with Parmelinella, making the genus paraphyletic (Crespo et al. 2010 ).
This paper deals with several of the species related to Parmelinella, as did a previous one (Benatti 2012c) . Recent molecular research (Divakar et al. 2006 , Crespo et al. 2010 points out that Bulbothrix species containing medullar salazinic acid may actually belong to Parmelinella, or even be another small genus closely related to it. Eventually, with the advancement of research to resolve open questions about the phylogeny of many species that constitute Bulbothrix, including the type, species with bicornute ascospores containing salazinic acid might eventually turn out to still be included in the genus or perhaps form a new one.
During a revision of the genus Bulbothrix (Benatti 2010 ) the type specimen and additional material of Bulbothrix was studied. These species have cilia with hollow basal bulbs, which contain differentiated (round) cells and a characteristic oily substance (Hale 1975 , Feuerer & Marth 1997 , Benatti 2011 . The first published part of Benatti's (2010) (Benatti & Marcelli 2010) and excluded due to the lack of true bulbate cilia. The second part treats the species containg medullary norstictic and protocetraric acids (Benatti 2012a) . The third part treats the species with medullary salazinic acid that do not form isidia, soredia, lacinulae or pustules (Benatti 2012c) .
It is planned to publish six papers to provide a comprehensive understanding and easy assessment of all the data on this genus (comprising ca. 60 species) gathered in an unpublished study by Benatti (2010) . The six parts are: (I) species containing medullary norstictic and protocetraric acid; (II) species containing salazinic acid lacking vegetative propagules (both already published, see Benatti 2012a see Benatti , 2012c ; (III) species containing salazinic acid with vegetative propagules (this paper); (IV) species containing fatty acids or no medullary substances; (V) species containing the gyrophoric/lobaric/lecanoric acids lacking vegetative propagules; and (VI) species containing the gyrophoric/lobaric/lecanoric with vegetative propagules. This will ultimately result in a synthesis of the whole genus followed by a worldwide key. A discussion about all the motives for such an extensive and detailed treatment and the problems faced while working the review is explained in Benatti (2012c) . This paper discusses the ten species with medullary salazinic acid [Bulbothrix australiensis Hale, B. decurtata Hale] , that do form isidia, soredia, or pustules.
Material and methods
Type material and additional species were studied from BM, CANB, DUKE, H, HUFSCAr, L, LD, MEL, MSC, NY, PC, SP, TNS, and US, originating from Oceania, Asia, North Pacific Ocean islands, Africa, North America, Central America, Caribbean, and South America, as well as material collected in Brazil during the last 30 years, mainly by the author and members of the Lichenological Study Group of the Instituto de Botânica (GEL) in Brazil.
The methodology and conventions are detailed in Benatti (2012a) . Bulbs on cilia, rhizines, apothecia and other thallus parts were checked using the clarification method (Benatti 2011) . Chemical constituents of the additional specimens examined were identified by thinlayer chromatography (TLC) using solvent C (Bungartz 2001) , and compared with the data on labels left with the specimens. The types had their chemical constituents examined by high performance liquid chromatography (HPLC), following the methods described in Elix et al. (2003) .
The presence of salazinic acid is evidenced by a K+yellowdark red spot test reaction. Its presence is also sometimes perceived by the formation of bundles of thin elongated shaped crystals of a deep reddish colour, observed under a light microscope after the transfer of hyphae onto a microscope slide and dropping the reagent on the fungal material, such as cutting a small piece of the thallus or of the apothecia. However, unlike the crystals of norstictic acid (Benatti 2012a) , the crystals of salazinic acid depends on a higher concentration of the substance and take longer to crystallize.
The species selected for comparisons are those that show close morphological or chemical similarities, and those most often compared by other authors due to peculiar characteristics.
Results and discussion
The study confirmed ten species containing medullar salazinic acid that do form vegetative propagules (mainly isidia, but also soredia), or pustules. All species are described 4 isidia are thick and robust, often above 0.5 mm high, and in some parts they can become densely branched, reaching more than 1 mm in height. The rhizines have conspicuous and dark bulbate bases, similar to those of the cilia.
This species was compared by Hale (1986) to B. subtabacina and B. isidiza. The first differs by the strongly maculate and strongly cracked upper cortex, narrower laciniae (ca. 0.5−1.0 mm wide), cilia with more subtle bulbs and branched apices, by the smaller, often simple and ciliate isidia, a black lower cortex, and by the the dichotomously branched rhizines without basal bulbs. The second differs by its maculate upper cortex, and smaller, mostly simple isidia, and its wider, more irregularly branched laciniae ca. 1.5−5.0 mm with rounded apices, and paler rhizines that lack bulbate bases.
Some small specimens of B. isidiza collected on substrates in which they had little room to develop have laciniae with minimum widths for the species, and can resemble those of B. australiensis, but these are always maculate. Even in well developed specimens of B. australiensis the laciniae are always emaculate, more sublinear, with truncate apices, not exceeding 2 mm in width.
Among Hale & Kurokawa 1964 , Hale 1976 . Distribution − Africa: South Africa (Hale & Kurokawa 1964) , Ivory Coast, and Uganda (Hale 1976 Harris 18609, 12-I-1986 (NY) .
Comments − The holotype (Fig. 2 ) consists of three fragments in good condition, growing on rock glued to cardboard. The isotype consists of a single fragment in the same conditions as the holotype. None of the type materials displays apothecia, even rudimentary ones, and few pycnidia were found, some with conidia. Apothecial characteristics are unknown. Swinscow & Krog (1988) considered B. decurtata a synonym of B. tabacina (L! lectotype, duplicate at PC!), claiming that it was only a saxicolous form and that it did not differ significantly. Due comparisons between the specimens studied, and the consistent differences found between the specimens, B. decurtata is accepted here as a distinct species. It is possible that part of the material examined by Swinscow & Krog (1988) are saxicolous specimens of B. tabacina intermixed with true B. decurtata. A loan of the material was requested several times from herbarium O, but all requests were unanswered.
The thallus surface of B. decurtata is very cracked, except for the young parts, somewhat similar to what occurs in the rimose thalli of Parmotrema species with reticulate maculae (ex Rimelia), even though this species has none. The isidia are unique and easy to distinguish from specimens of B. tabacina, since early in its formation they are blackened and bright, with a papillate aspect. In the light microscope they show the typical anatomical structure, covered by a thin, dark "skin", of uncertain origin. Most isidia are entirely darkened, while some, usually the taller ones, have the darkening restricted to their apices. Both cilia or pycnidia are often formed from the isidia. Hale (1976) mentioned that B. decurtata appeared to be the only obligatory saxicolous species of the genus, but a few others have been discovered since. The author also commented on a single anomalous specimen due to the additional presence of the substance norlobaridone found together with salazinic acid, but noting that the specimen was indistinguishable from the normal population of the species.
Bulbothrix tabacina (L! lectotype, PC! duplicate) was the only species compared to B. decurtata in literature (Hale & Kurokawa 1964) . Despite the similarities (presence of isidia, bulbate cilia with simple apices, medullary salazinic acid spinal cord), they can be differentiated by the fact that B. decurtata has an emaculate, very cracked upper cortex, narrower subtruncate laciniae, cilia often without apices, and by the smaller, blackened and bright isidia, a somewhat variable lower cortex colour, besides also being strictly saxicolous.
Bulbothrix isidiza (H-Nyl!, holotype), is also isidiate and presents medullary salazinic acid, but differs by the presence of upper cortex maculae, the pale brown lower cortex, and the larger, concolorous isidia often with darkened apices. As with B. tabacina, it is also primarily found corticolous.
Bulbothrix cinerea (Kalb pers. herb!, holotype), which also appears to be a strictly saxicolous species, differs by the somewhat relatively narrower laciniae, generally 0.51.5 (2.5) mm wide, a pale brown lower cortex and of rhizines, and by the presence of acid medullary norstictic acid.
Interestingly, thalli of B. cinerea also tend to have blackened isidia much like those found on B. decurtata (Fig. 3) . However, the isidia blackening of B. cinerea more often become eventually restricted only to the apices, not enveloping the isidia as much as in B. decurtata. Developed isidia of B. cinerea are partly dilated (due a common presence of a parasitic fungi as found on specimens studied) or sometimes flatten acquiring lobule aspect, being also larger and thicker than those found on B. decurtata (Benatti 2012a) .
Bulbothrix ventricosa (Hale & Kurok.) Hale (TUR-V! lectotype) is only found corticolous, and also differs by the constant development of laminal ciliar bulbs, larger concolorous isidia partially with brownish apices, a variable, often mixed coloration of the lower cortex, and by the presence of medullary norstictic (Benatti 2012a Hale 1971 Hale , 1976 . Distribution -South America: Argentina (Calvelo & Adler 1999) , Chile (Hale 1971 , 1976 , Galloway & Quilhot 1998 and Venezuela (López-Figueiras 1986 , Marcano et al. 1996 Comments  This was the first sorediate Bulbothrix species described (Hale 1971) . Besides B. imshaugii, this kind of propagule is known for only one other species in the genus, B. leprieurii Aubel (Sipman & Aubel 1992) . Both species are only known from South America.
The holotype (Fig. 4) consists of six fragments in good condition on soft bark of roots from Notofagus obliqua (Mirb.) Oerst., with soralia on all of them. Although the fragments are not glued to cardboard, most of them are still attached to their substrate. The material is very brittle. The isotype is a large fragment, larger than those of the holotype, and under the same conditions, but partially glued to cardboard. Part of the isotype soralia were damaged (compressed) or with few soredia. There are no apothecia or pycnidia in any of the type specimens fragments.
At early stages, the soralia in B. imshaugii are somewhat similar to the pustular soralia found on specimens of B. leprieurii (U!, holotype), but they soon become flattened and spread over the upper cortex. Unlike those on B. leprieurii, the soralia of B. imshaugii do not erode until exposed, the medulla and the upper portion of the lower cortex being more similar to those on Canoparmelia texana (Tuck.) Hale & Elix, for example. The soredia of B. imshaugii are somewhat finer compared to those of B. leprieurii. The upper cortex of B. imshaugii is strongly maculate, causing a whitish appearance to the herbarium specimens. There are many transverse cracks on the specimens, specially at older parts or on the more sorediate laciniae.
Besides the more granular soredia formed at capitate or pustular soralia, that usually originate at the apical portions of the laciniae, Bulbothrix leprieurii also differs from B. imshaugii by the narrower emaculate laciniae (0.30.7 mm wide), and by the presence of medullary gyrophoric acid (main substance) with variable amounts of lecanoric and orsellinic acids, instead of the salazinic acid.
Calvelo & Adler (1999) mentioned a single specimen as B. imshaugii with much longer cilia than those seen in the material examined here (0.11.5 mm long). The authors also noticed a pustular origin of some soralia, and while they did mention the occasional presence of basal bulbs in the rhizines, these were not observed here.
None of the morphologically close species containing medullary salazinic acid develop soredia. Bulbothrix pustulata (US!, holotype, LG and O isotypes n.v.) differs by the formation of pustules, which tend to remain intact, that occasionally could form rough granules by disintegration of the cortex, instead of forming soralia with typical soredia grains. Bulbothrix pustulata is an emaculate species with larger ascospores, 9.0−14.0 × 6.0−8.0 µm.
Bulbothrix tabacina (L! lectotype, PC! duplicate) and B. isidiza (H-Nyl! holotype) both differ by forming isidia instead of soredia, the weaker maculae, a more continuous upper cortex, and larger ascospores ca. 12.0−16.0 × 6.0−9.0 µm. Bulbothrix isidiza also differs by the pale brown colour of the lower cortex.
Bulbothrix meizospora (Nyl. Hale (1971) Holotype  Angola, Serra da Chella, Arraial de Cayonda, ad cortices arborum lecta praesertim in arbore Mopane dicta, leg. Newton s.n., V-1883, (H-Nyl!).
Thallus subirregular to sublinear sublaciniate, ±pale dusky grey in herbarium, up to 12.4 cm in diam., submembranaceous, corticolous (rarely saxicolous or on manmade substrates), upper cortex 15.0−25.0 µm thick, algal layer 27.5−37.5 µm thick, medulla 75.0−115.5 µm thick, lower cortex 15.0−22.5 µm thick. Laciniae irregularly to partially anisotomic dichotomously branched, 1.45.3 mm wide, slightly imbricate, adnate and ±adpressed, with flat, subrotund apices, the margins flat, smooth to slightly sinuous, subcrenate or subirregular, entire, rarely sublacinulate, the axils oval. Upper cortex usually continuous with occasional irregular cracks, smooth to subrugose, laminal ciliar bulbs absent. Adventitious marginal lacinulae absent to scarce on random parts, short, 0.2 0.6  0.1-0.4 mm, plane, simple, apices truncate to subtruncate, lower side concolorous to the lower marginal zone. Maculae weak, moderate or distinct, punctiform, laminal or in the amphithecia of the apothecia. Cilia black to dark brown, apices simple to absent, often bent downwards, 0.050.10 (0.15)  ca. 0.03 mm, with semi-immerse to sessile bulbate bases ca. 0.050.10 mm wide, scarce to frequent and irregularly distributed along the margins but becoming frequent at the crenae and axils, spaced 0.50.20 mm from each other, usually absent or scarce on the apices of the laciniae.
Soredia and pustules absent. Isidia frequent, laminal, granular to smooth cylindrical, straight to slighty tortuous, 0.050.20 (0.30)  0.050.10 (0.15) mm, simple to sometimes sparsely branched, erect, occasionally firm but often caducous, concolorous and usually with brownish apices when developed, eciliate. Medulla white. Lower surface pale brown, except for veins or a few occasional slightly darker, randomly scattered parts, shiny, smooth, veined, moderately rhizinate. Marginal zone pale brown, indistinct or slightly darker than the center, shiny, smooth, sligthly rhizinate. Rhizines light to dark brown, sometimes whitish or with whitish apices, simple, without or partially with subtle blackish basal bulbs, 0.050.70  ca. 0.030.05 mm, frequent, becoming scarce when near to the margins, evenly distributed. Apothecia concave to subplane, adnate to substipiate, 0.3−3.6 mm in diam., laminal, ecoronate, margin smooth to subcrenate or subirregular and involute, amphithecia smooth eventually becoming isidiate, the isidia frequently larger and more branched than those found on the upper cortex. Disc brown to pale brown, epruinose, imperforate, epithecium 10.020.0 m high, hymenium 35.0−57.5 µm high, subhymenium 15.0−22.5 µm high. Ascospores ellipsoid to oval, 10.0−16.0 (−17.5) × 5.0−9.0 µm, epispore 0.5−1.0 µm. Pycnidia not found (accordingly to Elix 1994 and Nash & , the conidia are bacilliform to weakly bifusiform, 5.06.0  1.0 µm).
TLC/HPLC − cortical atranorin and chloroatranorin, medullar salazinic and consalazinic acids (see also Hale 1976 , Elix 1994 , Nash & Elix 2002 . Distribution − Oceania and North Pacific: Australia (Elix 1994) , Fiji Islands (Elix 2001) , Cook Islands, Rarotonga (Louwhoff & Elix 2002) , Hawaii (Hale 1976) , Papua New Guinea (Streimann 1986 , Elix 1994 , Tahiti (Hale 1976) . Asia: China (Wu et al. 1986 ), Philippines (Hale 1976) , India (Hale 1976 , Kumar & Siquiera 2001 , Divakar & Upreti 2005 , Indonesia (Hale 1976) , Japan (Hale 1976) , Malaysia (Hale 1976 , Din et al. 2004 , Nepal, (Hale 1976 , Kurokawa 1993 , Thailand (Wolseley & Aguirre-Hudson 1997) , Taiwan (Kurokawa & Lai 2001 (Dey 1987 , Harris 1987 , Brodo et al. 2001 , Nash & Elix 2002 , Mexico (Hale 1976 , Nash & Elix 2002 ). Central America: Guatemala (Hale 1976 ). South America: Chile (Galloway & Quilhot 1998) , Paraguay (Hale 1976) , Venezuela (López-Figueiras 1986 , Marcano et al. 1996 and Brazil -Mato Grosso do Sul, (Fleig & Riquelme 1991) , Pará (Brako et al. 1985) , Paraná (Eliasaro 2001), Rio de Janeiro (Hale 1976) , Rio Grande do Sul (Fleig & Grüninger 2000a , 2000b , and São Paulo (Hale 1976 , Pereira & Marcelli 1989 , Marcelli 1990 , 1993 Comments − The holotype (Fig. 5) is a small fragment not in a very good condition, glued to cardboard and severely damaged (it was necessary to remove part of the fragment from the card to observe the lower cortex). It contains two apothecia in good condition and a small part of a third apothecium, probably used by Nylander to study the hymenium and ascospores. The material contains several isidia, including in the apothecia. Ascospores are also in good condition. Hale (1976) , Swinscow & Krog (1988) and Kurokawa & Lai (2001) mentioned that it is particularly common in Africa, but as demonstrated here it is also frequent in the Neotropics. Hale (1976) also corrected that the specimen cited by Des Abbeys (1961) for Madagascar was actually of Parmelinella wallichiana (Taylor) Elix & Hale.
The upper cortex of B. isidiza is usually rugose, somewhat different from other species in the genus, giving the thalli a rough appearance, as described by Nylander (1884), Hale (1976) and Ribeiro (1998) . Besides the roughness of the upper cortex, all these authors also mentioned another easily observed feature in the specimens, including in the holotype, of the very delicate and small isidia. The apothecia are ecoronate, usually flat and adnate, like in all other Bulbothrix species with medullar salazinic acid.
Nylander (1884) did not notice the bulbate marginal cilia. He described the ascospores, which also appear on a label included with the type material as ellipsoid, 9.012.0  6.08.0 m, although those observed in the holotype are somewhat larger, 10.015.0  5.09.0 m. The larger spore dimensions were also cited by Kurokawa & Lai (2001) . Nash & Elix (2002) and Hale (1976) described the ascospores as ellipsoid, 7.014.0  5.08.0 µm. Swinscow & Krog (1988) , Elix (1994) and Marcelli (1993) also described the ascospores as ellipsoid, but of slightly different dimensions, 10.0−16.0 × 6.0−8.0 µm, and more in accordance to the general average sizes obsverved here. Ascospores 6.0−10.0 × 5.0−8.0 µm were found to be typical for B. subglandulifera (see below), once accepted as a synonym of B. isidiza by Hale (1976) .
A few descriptions in the literature mention characters that cannot be considered typical. Contrary to that observed here, Dodge (1959) described specimens of B. isidiza with a black lower cortex as likely to be related to B. tabacina. The author noted marginal cilia, which he described as up to 1 mm long and spaced 1 mm from each other, but he did not mention the presence of basal bulbs. Swinscow & Krog (1988) described B. isidiza specimens with very wide laciniae (1.210.0 mm wide), deeply divided, crenate and with truncate apices, with 1 mm long cilia. All other characters, however, fit quite well. Nash & Elix (2002) mention isidia that are simple to coralloid in the specimens that they studied. This is somewhat unusual for the genus, but otherwise their description agrees well with the observations presented here. Divakar & Upreti (2005) described the thalli as emaculate to weakly maculate, with simple to rarely coralloid, very tall isidia (up to 1.0 mm). They mentioned rhizines also larger than normally found (1.01.5 mm long). Measurements of laciniae given in their key and in their description are contradictory: in the key they are given as 2.06.0 (10.0) mm wide, in the description as 1.05.0 mm wide. Jungbluth (2006) also suggests that the cilia are longer (1.251.8 mm) and that the isidia are taller (up to 0.5 mm) than can be confirmed here.
Eliasaro (2001) commented sporadically finding norstictic acid in her material of B. isidiza and of B. hypocraea. This substance is unusual and it may only sporadically occur in the specimens, or could be ascribed to contamination of the specimens she examined. It cannot be confirmed for any specimen examined here, in no specimen the formation of the characteristic norstictic microcrystals could be observed nor was it possible to observe norstictic acid by TLC/HPLC. A label from Patricia Wolseley with the holotype of Parmelia gilletti Dodge also suggests that the material contains both norstictic and salazinic acids, but the specimen is morphologically indistinguishable from typical B. isidiza and both her report and that of Eliasaro of norstictic acid in the material cannot be confirmed here. Hale (1976) , Swinscow & Krog (1988) , Elix (1994) , Kurokawa & Lai (2001) and Divakar & Upreti (2005) all mentioned that B. isidiza can be found corticolous as well as saxicolous. As seen from the material cited here, such indifference to the substrate must be considered fairly unusual for the genus Bulbothrix. Most species in the genus appear to be quite substrate specific. Nevertheless, Divakar & Upreti (2005) also mention that B. isidiza is rarely found on soil. Hale (1976) suspected that B. hypocraea could be the parental form of B. isidiza, which is plausible given the morphological and chemical similarities of these two species. The presence of very conspicuous, punctiform maculae on most thalli, the ecoronate apothecia, the lower cortex colour, the colour and shape of the cilia and rhizines and the size of ascospores are all very similar.
Regarding the synonyms, Hale (1976) (Fig. 7) is poor, consisting of mixed thalli of two Bulbothrix species. One is a fragment containing few isidia and lacking apothecia; this specimen fragment is abundantly maculate, it belongs to Bulbothrix isidiza and this specimen was chosen here as the lectotype. The width of the laciniae in the lectotype specimen of P. tiliacea var. hypoleuca is half of the width typical of the holotype of B. isidiza, and it has more subcrenate margins with mainly axillary cilia. However, since this is only a very small specimen, and because the characters are overall very similar, this taxon is not considered a seperate species here. The other fragment in the packet of the type material is even smaller, much damaged, heavily parasitized, and it is uncertain to which species this fragment belongs. It has no maculae, it is paler, has partially bulbate cilia and does not have propagules or apothecia. Finally, this fragment contains norstictic acid unlike all other specimens examined here.
The holotype (Fig. 6) of Parmelia gillettii Dodge (1959) shows virtually no differences compard to the type material of B. isidiza. The main characteristics are all present, including the typical width of its laciniae, the cilia, the maculae, the lower cortex colour and venation, non-bulbate rhizines, and the size of ascospores. Dodge (1959) made no comments, and apparently he did not notice the cilia, because in his key P. gillettii is mentioned among the eciliate species. Dodge gives larger ascospores measurments in his key than those mentioned in the description (18.5 × 8.0 µm), and he calls the colour reaction in his key K + yellow to reddish orange, which is the colour reaction typically give for norstictic acid (the specimen does, however, contain salazinic acid, as confirmed here by HPLC). An annotation label of the holotype by Hale reads that he suspected that this specimen belongs to Parmelia sublaevigatoides, but Hale (1976) (Benatti 2012a) .
Saxicolous specimens of B. isidiza are similar to those of B. cinerea, due the laciniae aspect, isidiate thalli, simple cilia and rhizines and by the brown lower cortex. However, B. cinerea has a more greyish colour, generally larger isidia with darkened apices, rhizines often with bulbate bases, coronate apothecia and it contains norstictic acid in the medulla.
Bulbothrix australiensis (US! Holotype, MEL isotype n.v.) was compared to B. isidiza by Elix (1994) . As seen, it differs by the narrower and sublinear laciniae 0.5−2.0 mm wide and by the emaculate upper cortex. The isidia of B. australiensis are usually much larger than those seen in specimens of B. isidiza, often up to 1.0 mm high. Lower cortex dark brown, shiny, smooth, moderately rhizinate. Marginally brown, paler than in the center, attenuated, 0.2−0.7 mm wide, shiny, smooth, weakly rhizinate. Rhizines dark brown to black, simple, usually without basal or displaced bulbs (some few appear to have subtle bulbs), 0.100.30  ca. 0.03 mm, frequent, usually sparse leaving the lower cortex visible but occasionally more dense at a few random parts, ± evenly distributed. Apothecia and pycnidia not found.
TLC/HPLC − cortical atranorin and chloroatranorin, medullar salazinic and consalazinic acids (see also Elix 1993b Elix , 1994 . Distribution − Oceania: Australia (Elix 1993b (Elix , 1994 .
Comments − The holotype (Fig. 8 ) consists of a small thallus that is almost intact, in excellent condition. It adheres to tree bark, which is glued to cardboard and for this study it was necessary to remove part of it from the substrate to determine the colour of the lower cortex; the piece removed was subsequently glued back onto the cardboard, along the thallus to facilitate that other researchers can examine the cortex more easily. Apothecia, ascospores and conidia are still unknown for the species.
Bulbothrix microscopica is one of the smallest species of the genus, with very narrow laciniae, unlikely to exceed 0.5 mm wide. All features observed in the holotype are in agreement with the descriptions of Elix (1993b Elix ( , 1994 , except for the colour of the lower cortex, described as black, but which is actually dark brown, with margins paler than the center. Due to the narrow space between the internodes of the laciniae and to the narrow size of these, the cilia, that are in reality axillary, as commonly occurs in Bulbothrix species with medullary salazinic acid, eventually cover almost the entire margin with the exception only of the apices of the laciniae. Elix (1993b Elix ( , 1994 compared B. microscopica to B. subtabacina (MEL! holotype, CANB! isotype). As seen here, this species differs by wider laciniae (ca. 0.5−1.5 mm), strongly cracked and maculate upper cortex, ciliate isidia, crenate margins, branched cilia and rhizines and by the almost uniformly black lower cortex.
Among the larger similar species, Bulbothrix tabacina (L! lectotype, PC! duplicate) differs by wider, subirregular laciniae (1.5−5.5 mm) with rounded apices and crenate margins, maculate upper cortex, and by a black lower cortex with brown margins. Bulbothrix isidiza (H-Nyl! holotype) also differs by wider subirregular laciniae (2.0−5.5 mm) with rounded apices, rugose and maculate
Figs 4-11 -4 Holotype of Bulbothrix imshaugii (MSC). 5 Holotype of Bulbothrix isidiza (H-Nyl). 6 Holotype of Parmelia gillettii (BM). 7 Holotype of Parmelia tiliacea var. hypoleuca (G). 8
Holotype of Bulbothrix microscopica (CANB). Scale bars = 1 cm (4, 5, 6, 7, 8) .
upper cortex, and by a light brown lower cortex with brown rhizines.
Most closely related is another small species, Bulbothrix australiensis (US! Holotype, MEL isotype n.v.) which has slightly wider sublinear laciniae (0.5−2.0 mm), elongated and eventually branched isidia that are often more than 1.0 mm tall; it also has a pale brown lower cortex and rhizines with dark basal bulbs. Bulbothrix linteolocarpa Marcelli (SP!, holotype) is also similar to B. microscopica due its narrow laciniae (ca. 0.2−0.5 mm wide), emaculate upper cortex, sinuous and frequently ciliate margins, and medullar salazinic acid. However, unlike B. microscopica, it is not isidiate, and its cilia and rhizines vary from simple to furcate, the rhizines always developing from basal bulbs. Thallus subirregular sublaciniate, dusky grey in herbarium, fragments up to 9.3 cm in diam., fragile membranaceous, corticolous, upper cortex 7.5−12.5 µm thick, algal layer 20.0−32.5 µm thick, medulla 100.0−125.0 µm thick, lower cortex 5.0−10.0 µm thick. Laciniae irregularly to occasionally ±anisotomic dichotomously branched, (1.5−) 2.65.5 mm wide, imbricate becoming crowded at the center, weakly adnate and loosely adpressed, with flat, subrotund to subtruncate apices, the margins flat, smooth to crenate or occasionally irregular, entire to slightly incised, not sublacinulate, the axils oval to irregular. Upper cortex smooth to subrugose, usually with many irregular cracks that eventually become more accentuated at the older parts, sometimes flaking off the cortex, laminal ciliar bulbs absent. Adventitious marginal lacinulae absent. Maculae absent. Cilia black, apices simple or occasionally double, and short and curved, 0.05-0.25 (-0.40)  ca. 0.03 mm, with sessile bulbate bases ca. 0.10 (−0.15) mm wide, scarce along the margins becoming frequent at the crenae and axils spaced ca. 0.05−0.10 mm from each other, solitary or in small groups becoming absent at the apices and adjacent parts of the laciniae. Soredia and isidia absent. Pustules in the form of irregular wrinkles or twisted and villous dactyloid structures, laminal, intact or erumpent, sometimes disintegrating into coarse granules. Medulla white. Lower cortex black, with random dark brown spots at the transition for the center, shiny, smooth to subrugose, weakly papillate, moderately rhizinate. Marginal zone brown, attenuated, ca. 1.0−6.0 mm wide, shiny, smooth to subrugose, papillate becoming rhizinate in the ransition for the center. Rhizines black, simple to occasionally furcate, without basal or displaced bulbs, 0.100.40  ca. 0.04 mm, usually frequent but scarcer when near the margins, evenly distributed. Apothecia concave, adnate, 0.3−1.7 mm in diam., laminal, ecoronate, margin smooth, amphithecia initially smooth becoming subrugose and pustulate. Disc brown, epruinose, imperforate, epithecium 10.012.5 µm high, hymenium 37.5−55.5 µm high, subhymenium 25.0−30.0 µm high. Ascospores ellipsoid to oval, 9.0−14.0 × 6.0−8.0 µm, epispore ca. 1.0 µm. Pycnidia not found.
TLC/HPLC − cortical atranorin, medullar salazinic acid (see also Hale & Kurokawa 1964 , Hale 1976 , Sérusiaux 1984 . Distribution − Africa: Burundi (Hale & Kurokawa 1964 , Hale 1976 , Sérusiaux 1984 , Rwanda (Sérusiaux 1984 , Bock et al. 2007 ), Tanzania (Krog 2000) .
Comments − The holotype (Fig. 9 ) is fragmented, with various parts heavily damaged, but overall nevertheless reasonably preserved. Several sections of the margins and apices of laciniae are so damaged that it is difficult to find any bulbate cilia, although these are present. Despite the poor condition of the material, the pustules are easily noticed.
Although not cited in the protologue of the species, Sérusiaux (1984) mentioned three isotypes, one in LG, the other in O, and another in the Follmann herbarium, those unfortunately could not be located or obtained on loan. According to Sérusiaux (1984) , the type material of B. pustulata was collected in 1958 by P. Deuse, a Belgian botanist working in Rwanda and Burundi. The chemistry was studied by Ramaut (1965 in Sérusiaux 1984 , and the material sent to M.E. Hale. Sérusiaux (1984) mentioned that the collection at LG was large and that the material was divided into isotypes, subsequently sent to the O and Follmann herbaria, though Hale (1964) and Hale & Kurokawa (1976) did not make any mention of isotypes, perhaps unaware of their existence. Hale concluded that the species should be really rare, noting that J. Lambinon, who collected much in the region, found only one other poor specimen, and a few kilometers from the type locality, on the same substrate: bamboo stalks in secondary woods inside forests in mountainous regions. This is one of the only two Bulbothrix species which are known to form pustules, the other being B. oliveirae A. Fletcher. Agreeing with general observances of Hale & Kurokawa (1964) , Hale (1976) and Sérusiaux (1984) , the thallus of B. pustulata is membranaceous, brittle and rough, with the upper cortex easily flaking off, the irregular subrotund laciniae has wide inconspicuously ciliate crenae, and the inflated pustules have an irregular appearance or are sometimes similar to isidioid dactyls, breaking apically, but not forming true soredia (Fig. 10) . Hale & Kurokawa (1964) did not mention apothecia on the original description, but latter Hale (1976) mentioned rudimentary sessile apothecia, up to 1.5 mm in diam., however he did not find ascospores. Sérusiaux (1984) mentioned some adnate apothecia, up to 2 mm in diam., for the LG isotype, with eroded margins and brown discs, containing ellipsoid ascospores 14.0−16.0 × 8.0 to 9.0 µm. The apothecia in the holotype are few in number, but the more developed ones contain asci with mature ascospores. As seen, the size of the ascospores are slightly smaller than those mentioned by Sérusiaux (1984) and similar to those of B. tabacina, which looks like B. pustulata in morphology and chemistry, and with that it must somehow be related, as supposed by Hale (1976) . There are no pycnidia in the holotype of B. pustulata. Sérusiaux (1984) referred to the pustules of B. pustulata as dactyls in the sense of Swinscow & Krog (1978) . However, the publication by Swinscow & Krog (1978) focuses on Dirinaria (Tuck.) Clem. a genus in the Physciaceae and the structures observed in Parmeliaceae may in fact not be identical to those of the Physciaceae. Here, the term "dactyls" as used by Swinscow & Krog (1988) is considered inappropriate for structures observed in B. pustulata. The term pustule appears more adequate because these structures do not fit well the definition of "a nodular to cylindrical to clavate body, somewhat resembling a swollen isidium...".
Among other large laciniate Bulbothrix species containing medullary salazinic acid, B. tabacina (L! lectotype, PC! duplicate) was compared to B. pustulata by Hale & Kurokawa (1964) , and as seen it differs by the continuous, smooth and maculate cortex, and by the formation of simple laminal isidia rather than pustules. Bulbothrix meizospora (Nyl.) Hale (H-Nyl! holotype) differs by the absence of pustules or vegetative propagation, and by the larger ascospores 12.022.0  9.012.0 µm. Bulbothrix isidiza (H-Nyl! holotype) differs by the maculate subrugose cortex, by the formation of simple or sparsely branched small isidia, and by the pale brown lower cortex with brown rhizines. Bulbothrix hypocraea (TUR-V! lectotype, BM! duplicate) differs by the smooth and maculate upper cortex, light brown lower cortex with brown, bulbate rhizines, and by the absence of vegetative propagules or pustules.
As previously stated, Bulbothrix oliveirae (NY!, holotype) is the only other species in the genus that form pustules. It differs from B. pustulata by more narrow, sublinear laciniae (ca. 0.5−1.0 mm wide), smooth upper cortex, dichotomously branched cilia and rhizines, and by the presence of medullary gyrophoric acid as main substance. In direct comparison, the pustules of B. oliveirae are more rounded, like smooth "bubbles" or "pellets". When these "pellets" break off, the thallus becomes deeply eroded exposing thus even its lower cortex, which in turn appears covered by granules, fragments derived from the breakdown of the cortex due to the erosion of the "pellets". In B. pustulata these structures are more "uplifted", occasionally resembling very rough and retorted actyls. They are in fact are similar to those seen in specimens of Parmotrema madilynae Fletcher and thalli of B. pustulata may resemble to some extend very small thalli of P. madylinae, even though this species has bulbate cilia and contains different medullary substances. Unlike the pustules of B. oliveirae, those of B. pustulata do not erode quite as deeply, thus not leaving the cortex lower exposed.
Bulbothrix subglandulifera (Hue) Hale. Phytologia 28 (5) 
n. (PC!).
Thallus sublinear laciniate, pale dusky grey in herbarium, up to 2.5 cm in diam., subcoriaceous, corticicolous, upper cortex 17.5−22.5 µm thick, algal layer 20.0−32.5 µm thick, medulla 95.5−120.0 µm thick, lower cortex 17.5−20.0 µm thick. Laciniae anisotomic dichotomously to irregularly branched, contiguous to slightly imbricate, 0.41.3 (1.9) mm wide, adnate and adpressed, with flat, subtruncate to truncate apices, the margins flat, slightly sinuous to crenate or subirregular, entire to slightly incised, occasionally sublacinulate, the axils oval or irregular. Upper cortex smooth and continuous, occasionally with a few irregularly cracks, laminal ciliar bulbs absent. Adventitious marginal lacinulae scarce on random parts, short, 0.20.8  0.10.2 mm, plane, simple to irregularly branched, apices truncate or acute, lower side concolorous to the lower marginal zone. Maculae weak to distinct, punctiform, laminal. Cilia black to brown, apices simple or absent, 0.05-0.40  ca. 0.03−0.05 mm, with sessile bulbate bases 0.050.20 mm wide, frequent along the margins but more abundant at the crenae and axils spaced ca. 0.05 mm from each other eventually becoming contiguous, solitary or in small groups becoming absent or scarce at the apices of the laciniae. Soredia and pustules absent. Isidia abundant, laminal, granular to smooth cylindrical, straight to slightly tortuous, 0.050.30  ca. 0.05 mm, simple to often branched, erect to procumbent, firm to caducous, concolorous or with brownish apices, partially ciliate with small bulbs. Medulla white. Lower surface pale brown, sometimes slightly darker at a few random parts, shiny, smooth to subrugose, weakly to moderately rhizinate. Marginal zone brown indistinct from the center to sometimes slightly darker, shiny, smooth, weakly rhizinate. Rhizines pale to dark brown, simple, usually with bulbate bases, 0.100.70  0.030.05 mm, frequent becoming scarcer near the margins, evenly distributed. Apothecia concave, adnate to subpedicellate, 0.3−2.6 mm in diam., laminal, ecoronate, margin subcrenate to revolute, amphitecia smooth sometimes becoming weakly isidiate. Disc dark brown, epruinose, imperforate, epithecium 10. Additional specimen examined − Madagascar, côte ouest, leg. Grandidier s.n. (PC).
Comments − The holotype (Fig. 11) is a much fragmented thallus on pieces of bark. It is reasonably preserved, although several parts of the laciniae are damaged, and the medulla is stained by oxidized salazinic acid. There is a large amount of isidia covering parts of the cortex, and some apothecia in good condition containing mature ascospores. The material has only a few pycnidia, nevertheless these contain conidia.
Hue (1899) mentions that B. subglandulifera can be characterized by isidia that eventually became soredioid. The material studied here shows granular isidia with some
Figs 9-11 -Holotype of Bulbothrix pustulata (US). 10 Detail of the upper cortex of the holotype. 11 Holotype of Bulbothrix subglandulifera (PC). Scale bars= 1 cm (9, 10), and 5 mm (11). similarity to soredia, but these are nevertheless young and still poorly developed true isidia and even the largest isidia always remain corticate; they do not become sorediate. The "marginal dark glands" mentioned by Hue (1899) are in fact bulbate bases of cilia, which have not yet apically differentiated into distinct cilia. Contrary to what Hue (1899) observed the unusually large measurments of the laciniae can also not be confirmed here, as he gave measurements approximately three times the width seen here.
The species was treated as a synonym of B. isidiza by Hale (1976) . However, among the synonyms, it is unique in having ascospores usually smaller than 10 µm (quite uncommon for the salazinic group), besides other apparently constant differences. Bulbothrix isidiza (H-Nyl! holotype) differs by the wider subirregular laciniae (ca. 1.5−5.0 mm wide) with rounded apices, generally simple isidia, rhizines without bulbate bases, and larger ascospores, usually 11.0−16.0 × 5.0−9.0 µm.
Among other species, Bulbothrix australiensis is somewhat similar to B. subglandulifera, however differs by the emaculate thallus, usually simple and larger isidia (0.5−1.0 mm high), and by the darker brown colour of the lower cortex. Bulbothrix cinerea (Kalb pers. herb!, holotype) has a similar pale brown lower cortex and rhizines with dark bulbate bases, but differs by its saxicolous habit, coriaceous, dark and emaculate thallus, generally simple (sometimes dilated or lobulated) isidia, the ascospores 10.0−14.0 × 6.0−8.5 µm, and by the presence of medullary norstictic acid. Holotype -Taiwan, Keitau, saxicolous, leg. Y. Asahina 3324, 24-XII-1933 (TNS!) . For image see Benatti (2012b) Bulbothrix subscortea is characterized by the broad (ca. 1.0-5.5 mm wide) subirregular laciniae, emaculate upper cortex, frequent marginal cilia with simple apices, simple to slightly branched isidia, an usually pale brown lower cortex, brown simple rhizines with basal or displaced bulbs, and by the presence of medullary salazinic acid. For description and comments on this species and some other recent combinations, see Benatti 2012b. Thallus sublinear laciniate, dark dusky greenish grey in herbarium, up to 4.5 cm in diam., submembranaceous, corticolous, upper cortex 7.5−10.0 µm thick, algal layer 10.0−15.0 µm thick, medulla 32.5−50.0 µm thick, lower cortex 5.0−7.5 µm thick. Laciniae anisotomic dichotomously to ±irregularly branched, contiguous to slightly imbricate, 0.41.1 (1.5) mm wide, adnate and adpressed, with subplane, subtruncate to truncate apices, the margins flat, smooth and sinuous to partially subirregular, entire to slightly incised, occasionally sublacinulate, the axils oval or irregular. Upper cortex smooth, almost entirely irregularly cracked (most commmon at the center) except by the distal parts, laminal ciliar bulbs absent. Adventitious marginal lacinulae scarce and occasional, short, 0.20.3  ca. 0.1 mm, plane, simple, apices truncate, lower side concolorous with the lower marginal zone. Maculae weak to distinct, easily visible at the distal parts, punctiform, laminal. Cilia black to brown, apices initially simple becoming furcate and finally dichotomously branched, 0.05-0.25  ca. 0.03−0.04 mm, with semi-immerse to sessile bulbate bases 0.050.10 mm wide, abundant along the margins spaced 0.05−0.10 mm from each other, becoming absent or scarce at the apices of the laciniae. Soredia and Pustulespustules absent (parts where there are much detachment of isidia expose the medulla in a way similar to that of rudimentary soralia). Isidia abundant, laminal, granular or smooth cylindrical, straight to tortuous, 0.050.15 (0.25)  ca. 0.05 mm, simple to slightly branched, occasionally aggregate, erect, firm to caducous, concolorous to the upper cortex, commonly ciliate. Medulla white. Lower surface black, with small dark brown spots, shiny, smooth, moderately rhizinate. Marginal zone variable, black and indistinct from the center to brown and attenuated 0.5−1.5 mm wide, shiny, smooth, rhizinate. Rhizines black, initially simple soon becoming furcate and then dichotomously or irregularly branched, without bulbate bases (some have a slight swelling, but it is uncertain if that are very subtle bulbs), 0.100.50  ca. 0.03 mm, ± sparse leaving the lower cortex visible, evenly distributed. Apothecia and pycnidia not found.
TLC/HPLC − cortical atranorin and chloroatranorin, medullary salazinic acid (see also Elix & Stevens 1979 , Elix 1994 . Distribution − Oceania: Australia (Elix & Stevens 1979 , Elix 1993b , Elix 1994 .
Comments − The holotype (Fig. 12 ) of this species consists of a thallus that is still almost completely intact; additionally the packet also contains a small fragment, also of excellent condition. Both specimens are glued to cardboard (it was necessary to remove a part from the substrate to study its lower cortex). No apothecia or pycnidia could be found on either one of the thalli. The isotype, obviously not a fragment of the holotype, seems to be instead a complete small thallus, maybe collected together. It is slightly less cracked than the holotype specimen, although its center appears just as fragmented. Like the holotype, the isotype lacks apothecia and pycnidia, but it is much more isidiate.
As described by Elix & Stevens (1979) and Elix (1994) , the thalli present a very frequent cracked upper cortex, more than commonly seen for other species of the genus, the center so fissured as looking areolate in some parts. The eroded parts that the authors have referred are the result of the combination of cracks with the strong marks left by blocks of detached isidia.
The species is maculate, but it is difficult to see in the material examined, due to the large amount of isidia on the upper cortex, and the numerous marks left when they break off. The marks are so abundant in some parts that they end up masking the true maculae. Because of this, the maculae are often more easily seen in the distal portions of the laciniae, where isidia are few or absent.
The isidia apparently detach in large quantities as small blocks, leaving deep marks in the upper cortex, essentially causing the thallus to be covered in small holes. Eventually, these marks are large enough to expose medullary hyphae, in appearance somewhat similar to pseudocyphellae seen in Punctelia species but also resembling eroded soralia (true soredia, however, were not seen in any part). The isidia of B. subtabacina are similar to those seen in the holotype of B. fungicola (S!) because they are generally simple and short, often only small ciliar bulbs that have not yet developed into cilia can be observed.
Usually, Bulbothrix species containing medullary salazinic acid such as B. hypocraea (TUR-V! lectotype, BM! duplicate), B. isidiza (H-Nyl! holotype), B. meizospora (Nylander) Hale (H-Nyl! holotype) or B. tabacina (L! lectotype, PC! duplicate) have much wider laciniae (usually three or four times the width of those from B. subtabacina) with a more irregular branching pattern and rounded apices. Curiously, the overall aspect of B. subtabacina resemble those containing medullary gyrophoric, lecanoric or lobaric acids.
Bulbothrix tabacina was compared to B. subtabacina by Elix & Stevens (1979) . It differs by wider laciniae (1.5−5.5 mm wide) with rounded apices, a continuous upper cortex, eciliate isidia, and by the usually simple cilia and rhizines. Elix (1994) also compared B. subtabacina to B. microscopica (CANB!, holotype), which differs by the narrower, halfsize laciniae (0.10.5 mm wide), emaculate upper cortex, and by the simple cilia and rhizines.
Bulbothrix tabacina (Montagne & Bosch) Hale. Phytologia 28:481. 1974 . Fig. 13 Lectotype: Indonesia, Java, in cortice arborum, leg. Junghuhn s.n. (L!, isolectotype at PC!). Thallus sublinear to subirregular laciniate to sublaciniate, pale grey to dusky greenish grey in herbarium, up to 7.3 cm in diam., submembranaceous to subcoriaceous, corticolous or rarely saxicolous, upper cortex 10.0−15.0 µm thick, algal layer 12.5−20.0 µm thick, medulla 45.0−100.0 µm thick, lower cortex 10.0−12.5 µm thick. Laciniae irregularly to partially anisotomic dichotomously branched, (0.6−) 1.64.1 (5.4) mm wide, contiguous to imbricate becoming partially crowded at the center, slightly adnate and adpressed, with flat, subrotund to subtruncate or rarely truncate apices, the margins flat, smooth and sinuous to crenate or subirregular, entire to slightly incised, occasionally sublacinulate, the axils oval or irregular. Upper cortex smooth and continuous, occasionally subrugose with variable irregular cracks on older parts, laminal ciliar bulbs absent. Adventitious marginal lacinulae absent to scarce on random parts, short, 0.21.3  0.1-0.4 mm, plane, simple to irregularly branched, apices truncate, lower side concolorous to the lower marginal zone. Maculae weak to distinct, punctiform, laminal. Cilia black to occasionally brown, apices simple to rarely double, occasionally bent downwards, 0.050.30 (0.40)  0.030.04 mm, with semi-immersed to sessile bulbate bases ca. 0.050.15 (0.20) mm wide, scarce to frequent along the margins spaced 0.50.10 (0.15) mm from each other to rarely contiguous, solitary or in small groups in the crenae and axils, usually absent or scarce on the apices of the laciniae. Soredia and pustules absent. Isidia frequent, laminal, usually breaking off together in small packets, smooth, cylindrical or rarely granular, straight to tortuous, 0.050.60  ca. 0.05 (0.15) mm, simple to sometimes sparsely branched, erect to procumbent, firm to caducous, concolorous with the upper cortex, brownish or with brownish apices, eciliate. Medulla white. Lower surface black, with some occasional small dark brown spots in the transition area to the margins (these spots rarely more extensive, stretching between the margin and center), slightly shiny to opaque, smooth to subrugose, venate, weakly papillate, moderately rhizinate. Marginal zone pale to dark brown and attenuated, 1.0−3.0 (−6.0) mm wide, rarely black and indistinct from the center, shiny, smooth to subrugose, papillate becoming rhizinate in the transition to the center. Rhizines black, pale to dark brown or with whitish apices when near the margins, simple to rarely irregularly branched, without basal or displaced bulbs, 0.100.70  ca. 0.030.05 mm, frequent, often scarce near the margins, but somewhat randomly scattered and in some parts abundant, often appearing from venations and warts, ±evenly distributed. Apothecia subplane to concave or urceolate, adnate to substipiate, 0.3−5.2 mm in diam., laminal to submarginal, ecoronate, margin smooth to subrugose and subcrenate, amphithecia smooth to subrugose eventually becoming isidiate. TLC/HPLC − cortical atranorin, medullary salazinic acid (see also Hale 1976;  there are also labels of Kurokawa dated 1960 and Aptroot dated 1985 together with the type material). The holotype of P. meizosporoides also contain cortical chloroatranorine and medullary consalazinic acid, with traces of norstictic acid (this last one possibly a contaminant). Distribution − Oceania: Australia (Hale 1976 , Elix 1994 , Polynesia (Louwhoff & Elix 2000) , Rarotonga (Louwhoff & Elix 2002a Bulbothrix tabacina is one of the most widely distributed species of the genus, cited for many tropical countries of almost all continents. According to Hale (1976) , this is one of the species in the genus that can very easily be collected. Junghuhn (1855) cited a specimen from Java Island (Indonesia) one year before the publication of the species by Montagne & Bosch (1856) , mentioning the species and the page where it would be eventually found (in his descriptiom, Junghuhn describes the medulla as reddish brown, of a similar colour as tobacco, due to discoloration caused by oxidized salazinic acid). The species may well be found on twigs as well as on tree trunks.
The ascospore measurements cited by Hale (1976) , Swinscow & Krog (1988) , Elix (1994) and Kurokawa & Lai (2001) are all in accordance with those given here, varying between 9.0−15.0 × 5.0−8.0 µm to 12.0−15.0 × 7.0−10.0 µm, although no pseudosepta, as mentioned by Swinscow & Krog (1988) , were found in any specimen. Swinscow & Krog (1988) described the species as emaculate having marginal cilia that are not always bulbate and occasionally bearing phylidia. None of these observations can be confirmed here. Swinscow & Krog (1988) and Elix (1994) mentioned saxicolous specimens of B. tabacina, but have accepted B. decurtata as a synonym. However, the saxicolous specimens of B. tabacina studied here display the same characteristics as the corticolous specimens, and these all differ from the characters observed in B. decurtata (see description and comments there). Unlike argued by Swinscow & Krog (1988) , and comparing the materials studied, B. decurtata is not accepted here as a synonym of B. tabacina. Instead the differences of the two species agree well with those already pointed out by Hale & Kurokawa (1964) . Bulbothrix decurtata (Hale & Kurokawa) Hale (LD!, isotype at US!) thus differs from B. tabacina by being strictly saxicolous, with a frequently cracked emaculate upper cortex, having narrower (ca. 0.5−3.0 mm wide) and sublinear laciniae with usually truncate apices, smaller and blackened isidia, and by cilia with larger bulbs, which sometimes do elongate into cilia.
Regarding the accepted synonyms of B. tabacina, Parmelia meizosporoides (Fig. 14) was considered by Hale (1976) Dodge (1959) described Parmelia meizosporoides with negative medullary reactions, however, the holotype (FH!) actually reacts to the K test, and contains medullary salazinic acid as seen in TLC/HPLC. The type material is saxicolous, and besides the ascospores were described as not exceeding 10 µm long, these were found to measure 9.013.0 (15.0)  4.06.5 (7.5) µm, with epispore 1.01.5 µm. The holotype of Parmelia meizosporoides has clear medullae, in better condition than the holotype of Bulbothrix tabacina. Dodge already mentioned the bulbate cilia, indicating that the margins of the thallus were "papillate". The specimen was described with more sublinear laciniae ca. 1 cm wide, but has laciniae 1.5−4.0 mm wide.
The holotype (Fig. 15) of Parmelia ochrovestita (Zahlbruckner 1928 ) is probably the same species as Bulbothrix tabacina, but it displays a number of atypical features. Although it shares all of the morphological variation seen in other specimens of B. tabacina, the holotype of Parmelia ochrovestita is characterized by more sublinear, more narrow laciniae (1.0−3.0 mm wide.), it is pale greyish, and its lower cortex has elongate, attenuated pale brown margins. The whole thallus gradually becomes darker towards it center where it eventually become completely blackened. The isidia are very abundant, covering large portions of the thallus, they are thus not quite like the relatively scarce isidia seen on most other specimens of B. tabacina.
Studies of the holotype specimen ( Fig.  16) of Parmelia sublaevigatoides Dodge (1959) also suggest that this taxon should be considered a synonym of B. tabacina. Its laciniae are slightly narrower than usual (although in accordance with the minimum found), and they are also more sublinear often with subtruncate apices. However, the specimen is clearly small and undeveloped. The material bears no apothecia or pycnidia. Dodge mentioned P. sublaevigatoides in his key as not isidiate, however, the material has sparse isidia, smaller than commonly found in the specimens of B. tabacina. Due to the immature condition of the holotype it appears that laciniae and isidia did not yet reach their maximum width and size. Dodge (1959) cited medullary chemical reactions as negative for this species. However, the thallus clearly contains medullary salazinic acid, with its typical K + reaction, confirmed also by TLC/HPLC (this has been annotated on the label already by T.D.V. Swinscow mentioning the mistake by Dodge, although no indication is given by which method the presence of salazinic acid was confirmed). The upper cortex of the specimen does not react K− as mentioned by Dodge, but it is clearly K + yellow due to the presence of atranorin.
Bulbothrix isidiza (H-Nyl! holotype) was compared to B. decurtata by Hale (1976) and is probably the most similar species in both morphology and medullary chemistry. However, thalli of B. isidiza tend to be mor densely isidiate than those of B. tabacina, and the lower cortex is pale brown from the margins to the center, with little variation in tone. Marcelli (1993) and Canêz (2005) cited B. tabacina specimens with a brown lower cortex with darker parts, but these are in fact specimens of B. isidiza.
Bulbothrix ventricosa (TUR-V! lectotype) can be differentiated by the constant formation of laminal ciliar bulbs, denser isidia, a lower cortex of variable colour (often mixed brown and black tones), and by the presence of medullary norstictic acid. Althought Jungbluth (2006) mentioned that B. ventricosa had wider laciniae than B. tabacina (1.5−4.5 × 1.0−2.5 mm wide), the material studied (Benatti 2012a) showed that the variation is similar in both species. She also described specimens with an emaculate surface, but they actually have weak and sparse maculae. Hale (1976) Bulbothrix subtabacina (holotype at MEL!, isotype at CANB!) differs by the more linear, dichotomous, and narrow laciniae (0.5−1.0 mm wide) with truncate apices, very cracked upper cortex, commonly ciliate isidia and by the dichotomously branched cilia and rhizines.
Nomina Inquirenda
Parmelia demangei Harmand, Annales Cryptogamae Exotiques 1: 327. 1928. MB 397447
Holotype − Indochina, leg. Demange 37 (P, accordingly to Hale 1976a, n.v.) .
Comments − The type material was not located at P or PC. This species is accepted as a synonym of B. isidiza by Hale (1976) . As described by Harmand (1928) Parmelia demangei has a ± orbicular whitish thallus ca. 5 cm in diameter, membranaceous, smooth and somewhat shiny, with scattered or grouped laminal isidia 0.2−0.4 mm high, sinuous and incised-lobed laciniae 1.0−3.0 mm wide, that are very irregularly lacinulate, has crenate margins, rounded to sometimes subtruncate apices, rounded axils, dark olive green lower cortex with dense dark brown simple to branched rhizines 0.5 to 1.0 × 0.06 mm, both upper and lower cortices ca. 9 µm thick, the medulla and algal layer ca. 60 m thick. He described two reactions: K + yellow (possibly the upper cortex, due to atranorin) and K + yellow → blood red (typical for medullary salazinic acid). Harmand (1928) described the "rhizines usually triming the edge of the thallus having the appearance of cilia." His comment that it was "a sterile lichen which appears to have been collected with the bark, without a precise location." As a lacinulate lichen with an olive lower cortex (a colour commonly seen in Pseudoparmelia thalli) it may be a synonym, but could also be a morphologically distinct species similar to B. isidiza. However, from the description alone, this is impossible to tell and thus it will be necessary to first locate the type material. Harmand, Annales Cryptogamae Exotiques 1: 326. 1928. MB 398151 Holotype − Indochina, leg. Demange 36 (P, accordingly to Hale 1976a, n.v.) .
Parmelia recurviscens
Comments − The type material was not located at P or PC. This species is also accepted as a synonym of B. isidiza (Nylander) Hale by Hale (1976) . As described by Harmand (1928) Parmelia recurviscens has a membranaceous to subcoriaceous greyish thallus, with a slightly pinkish tone in the center, a somewhat shiny smooth surface, scarce isidia disposed in small clusters, 0.3 to 4.0 (could be a typo, 0.4?) mm high, laciniae 2.0-5.0 mm wide, subrotund or elongated, irregularly lacinulate to crenate and lobulate, incised, slightly imbricate, with rounded or subtruncate apices and angular axils, a densely rhizinate, castaneous brown lower cortex, black rhizines 0.3−1.0 mm long, both upper and lower cortices ca. 9 µm thick, algae layer ca. 45 µm thick, medullae ca. 66 µm thick, apothecia 0.30−0.35 mm in diam., concave, disc castaneous brown, smooth, margin denticulate, containing 8 ascospores per ascus, simple, hyaline, oval, 12.0 × 6.0−6.5 µm. Again, he described two reactions: K + yellow (possibly the upper cortex, due to atranorin) and K + yellow→ blood red (typical for medullary salazinic acid).
The only comment made by Harmand (1928) was "uncertain locality". As with P. demangei, it is possible to make just a few comments about this species. The taxon is possibly a synonym of B. isidiza and not one of P. demangei. The author described the laciniae as "all visibly coated (perhaps by rhizines? He does not mention eyelashes…) followed up the edges." Although it is unclear as which character he actually means, it is quite possible that he meant bulbous marginal cilia.
As with P. demangei, it is possible to make just a few comments about this species, but P. recurviscens seems more likely to be a synonym of B. isidiza than of P. demangei. Harmand (1928) described the laciniae and the lacinulae "all visibly covered (by rhizines perhaps? he did not mention cilia) following up the edges." Although it is unclear to which character this statment refers, it is quite possible that he meant the bulbate marginal cilia.
